There is increasing evidence that developmental associations among embryonic cells are mediated by specific components of the cell surface. Earlier work has indicated that such components are extruded into the medium of primary monolayer cultures of embryonic cells, and that they represent the active constituents of the tissue-specific cell-aggregating factors isolated from the supernatant medium of such cultures. We presently report that tissue-specific cell-aggregating factors can be obtained directly from embryonic tissues, and describe the isolation and partial purification of retina-specific factor from a cell-membrane preparation derived from retina tissue of the chick embryo. Extraction of the purified membrane preparation with 1-butanol yielded an activity in the aqueous phase which resides in a protein, probably a glycoprotein, with an estimated molecular weight of 50,000 in solution. This material could be obtained from retinas of embryos not older than 13 days, and only pre-13-day cells responded to its cell-aggregating activity. By these characteristics, this membrane-derived retina factor closely resembles the retina cell-aggregating glycoprotein previously purified from the supernatant medium of retina cell cultures. It is of special interest that the cell-aggregating protein is obtainable from cellular membranes during those stages of development when retina cells are most actively engaged in histological organization. Work in progress indicates that, by the procedures described herein, tissue-specific cellaggregating factors can also be obtained from membrane preparations of other embryonic tissues.
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Cell recognition and selective cell affinities play a crucial role in morphogenetic assembly, association, and organization of cells in the embryo (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . Analysis of these processes has been greatly aided by studies on developmental reaggregation in vitro of cells from avian and mammalian embryos (4, 5, 13) . These studies led to the working hypothesis that (i) selective cell-cell affinities are mediated by specific cell-surface components which function as recognition sites and morphogenetic cell-cell ligands; (ii) cells from different tissues in the embryo differ in the properties of their ligands, and this accounts for tissue-specific cell recognition (4-6, [14] [15] [16] . Consistent with this hypothesis have been (a) the finding by immunological methods of tissue-specific antigens on embryonic cell surfaces, and (b) the detection in the supernatant medium collected from cultures of embryonic chick or mouse cells of "cell-aggregating factors" with tissue-specific effects (5, (17) (18) (19) (20) (21) (22) . Addition of such factors to freshly prepared suspensions of embryonic cells enhances the reaggregation and morphogenetic reassociation only of cells from the homologous tissue; thus, the factor obtained from embryonic chick neural retina cells was found to enhance only the reaggregation of retina cells, and not of cells from other neural and nonneural tissues. This retina-specific factor was purified and its activity was localized in a glycoprotein with a molecular weight in solution of 50,000 + 6,000 (22) .
In previous work, cell-aggregating factors were obtained from the supernatant medium of cell cultures initiated in the presence of serum then transferred to serum-free medium (19, 21, 22) . Subsequently, the retina cell-aggregating glycoprotein was also obtained from cultures initiated and maintained in the absence of serum or other macromolecular additives (14, 15, 23) . The available information led us to suggest that the retina factor was a cell-surface membrane constituent (22, 24) , and that in cell cultures it was released into the medium, like some other membrane glycoproteins (25) (26) (27) . However, the possibility remained that such factors may be products peculiar to cells in culture, rather than constituents typical of cells in vivo. Considering the postulated role of cell-aggregating factors in cell recognition and morphogenetic cell affinities within embryonic tissues, this possibility required exploration. Therefore, we examined whether materials with tissue-specific cell-aggregating effects could be obtained directly from noncultured embryonic tissue. This report describes the isolation of a retina-specific cell-aggregating protein from cellular membranes prepared directly from embryonic neural-retina tissue.
MATERIALS AND METHODS
Tissue Preparation. Neural retina and other tissues were dissected aseptically from 10-day chick embryos, as previously described (13 tanol at 40 (29) . The aqueous and butanol phases were separately re-extracted, the butanol phases were discarded, and the final aqueous phases were pooled. Residual butanol was removed by prolonged dialysis at 4°. The dialysates were concentrated, protein was determined, and various amounts were bioassayed for cell-aggregating activity, as previously described (22) .
Cell Aggregation. Cell suspensions from chick embryo retina and other tissues were prepared by dissociation of the tissue with purified trypsin (0.25% in Ca++-and Mg++-free Tyrode's solution) (4, 13) . The dissociated cells were washed and suspended in Eagle's basal medium (2 X 107 cells per culture flask), with or without addition of the membrane-derived preparations. Reaggregation of the cells was studied in 25-ml Erlenmeyer flasks on a gyratory shaker at 38' according to the standard procedures (13, 19, 24) . All tests were run in duplicate and repeated four times. Sizes of aggregates were determined from measurements of photographic records of the cultures taken at different time intervals, through 24 hr.
Purification. Fractionation and partial purification of the retina cell-aggregating activity from the membrane-derived preparation was by gel filtration and electrofocusing, and essentially followed previously described procedures (22) (see legend to Fig. 4 ).
RESULTS
Enhancement of Cell Aggregation. Examination by electron microscopy of sections of the final pellet (see Materials and Methods) demonstrated almost exclusively membrane fragments and vesicles ( Fig. 1) , as shown by Hemminki (28) for similar preparations obtained from the brain. This pellet was butanol extracted, and the aqueous phase was dialyzed and assayed for its effect on the aggregation of cell suspensions from neural retina, optic tectum, cerebrum, and liver (10-day chick embryo). It markedly enhanced the aggregation of retina cells (Fig. 2 ), but not of cells from the other tissues tested (Fig. 3) . Similarly obtained preparations from embryonic cerebrum and spinal cord did not enhance the reaggregation of retina cells at' the different concentrations that were tested. Thus, the retina membrane-derived material contains a cell-aggregating factor which selectively acts on retina cells. Experiments in progress indicate that preparations obtained by this procedure for cerebrum and spinal cord contain factors that selectively enhance the aggregation of cells from these tissues (R. E. Hausman, L. Knapp, and A. A. Moscona, in preparation).
The effect of the retina cell-aggregating factor was most pronounced at protein concentrations of [1] [2] [3] [4] [5] pellet was assayed directly, or following sonication, it did not enhance the reaggregation of retina cells.
Cell Membrane Origin of the Activity. To determine if the retina cell-aggregating activity present in the final pellet was related to its high membrane content, other fractions were tested; these included the initial pellet (which contained most of the nuclei), the first 25,000 X g supernatant (largely "cytosol"), and the material banding within the 0.85 M sucrose (see Materials and Methods). These were butanol-extracted and dialyzed, as described above, and assayed. Only the "cytosol" fraction contained some cell-aggregating activity, which was detectable only at protein concentrations higher than 100 lug/ml (i.e., corresponding to less than 5% of the activity present in the membrane fraction). These results indicate that the bulk of the cell-aggregating activity is associated with the final pellet that contains the membrane material.
Partial Purification of the Factor. The material in the aqueous phase was subjected to electrophoresis on sodium dodecyl sulfate/polyacrylamide gels and was found to partition into, at least, 10 separate protein-containing bands. From this aqueous extract retina cell-aggregating activity was purified by gel filtration and electrofocusing, following procedures used in purifying the cell-aggregating glycoprotein from the supematant medium of monolayer cultures of retina cells (22, 24 In the present case as well, the activity was localized in a protein band that partitioned in the electrofocusing gradient in the zone of pH 4.0-4.1 (Fig. 4) . Similarly, electrophoresis on sodium dodecyl sulfate/polyacrylamide gels of this protein resulted in a single band which was localized in a region corresponding to a molecular weight of 50,000. This protein enhanced the aggregation of retina cells at concentrations of 0.1-0.4 sg/ml, a range similar to that effective for the cell-aggregating glycoprotein previously obtained from monolayer cultures of retina cells (22) . The (22) .
Mode of Action. The effect of the membrane-derived cellaggregating factor is dose-dependent within the range 0.1-0. 4 ,Ag/ml; lower concentrations were inactive, higher concentrations tended to hinder cell aggregation. We assume that the effect of the factor involves binding to the cells. That this can take place also at 40 was shown by exposing cell suspensions to 0.3 ,ug/ml of the factor protein for 4 (1976) and cell responsiveness to its effects decrease with advancing development of the retina. In this connection, a possibly significant correlation should be pointed out: morphogenetic cell organization in the retina of the chick embryo reaches completion by day 13, i.e., the age at which active factor is no longer obtainable by the above procedures. summarized in Fig. 2 . It shows the marked difference between the volume of control aggregates, and of aggregates obtained in the presence of the cell-aggregating factor. It also shows the typically broad size variation of the aggregates both in the controls and in the presence of the factor. The size attained by cell aggregates is dependent on shear forces and other kinetic and equilibrium conditions which are presently not well understood. Perhaps for these reasons, the absolute magnitude of the enhancement of cell aggregation caused by the cell aggregating factor is not identical between experiments. Age Dependence. The ability of dissociated retina cells to reaggregate morphogenetically declines rapidly after the 13th day of embryonic development; this has been suggested to be due to reduction in the capacity of older cells to produce or tWgenerate surface components required for histotypic cell associations (14) . It was, therefore, of interest to examine whether the membrane-derived cell-aggregating factor could be isolated from retinas of different embryonic ages. Butanolextracted preparations were obtained from retinas of 6 to 18-day chick embryos and were tested for cell-aggregating activity on retina cells of different embryonic ages. Activity was obtained only from retinas younger than the 13th day of development; furthermore, only pre-13-day cells responded to the active preparations. It is noteworthy that production of the cell-aggregating factor in cell cultures is also limited to retina cells from pre-13 day embryos (14, 23) . Therefore, both availability of the cell-aggregating factor (in an extractable state) DISCUSSION Tissue-specific cell-aggregating factors, including the previously isolated retina-specific glycoprotein (19, (21) (22) (23) (24) , were originally obtained from the supernatant media of primary embryonic cell cultures (5, 19, (20) (21) (22) (23) (24) . It Although the method for membrane preparation used in this study was designed to yield cell surface membranes (28) , neither it nor other presently available techniques for membrane isolation eliminate all mitochondrial or microsomal contamination. Since the cell-aggregating protein comprises less than 2% of the total protein of the initial membrane preparation, we cannot presently exclude the possibility of its cytoplasmic origin. This problem can be examined by immunological methods.
The release of the cell-aggregating factor from the membrane-containing pellet requires treatment with 1-butanol; activity could not be obtained by sonic dispersion of the pellet. The exact rationale for this butanol treatment remains to be elucidated. Butanol has previously been used to obtain transplantation antigens from cell membranes (31) . Extraction of erythrocyte membranes with butanol was found to release almost all the lipid into the organic phase, while the proteins are dispersed in the aqueous phase (29, 32 specific organization within the membrane, or by other conditions related to the overall architecture of the cell surface. It should be pointed out that the factor obtained from the supernatant medium of cell cultures is active without extraction with butanol; it is conceivable that, in the process of its extrusion into the culture medium, the protein is released from its association with other membrane components.
Using the above procedures, we were unable to obtain cellaggregating activity from chick retinas older than 13 days of embryonic development; moreover, post 13-day cells did not respond to the cell-aggregating activity of the active factor. It could be that older cells no longer produce or utilize this protein for cell associations, and that the amounts of factor obtainable from late embryonic and fetal cells are below the sensitivity of our bioassay. Conceivably, when cells in the embryonic retina complete their overall histogenesis (which in the chick embryo is attained by approximately the 13th day of development), the specific surface components that have earlier mediated cell assembly and organization are modified or replaced by other cell-binding mechanisms that stabilize tissue architecture. This problem should lend itself to exploration by immunological procedures. At present, these age-dependent differences provide an additional example of developmental changes which embryonic cell-surfaces undergo in the course of differentiation (5, 33, 34) ; similar temporal changes have been noted also by others in related studies concerning adhesive properties of embryonic retina cells (12, 35) .
The exact mode of action of the retina cell-aggregating factor in situ, and when it is experimentally supplied to aggregating cells in vitro, remains to be clarified. The possibility that the specific cell-ligand activity of such factors might involve multimeric interactions and characteristic topographical organization on the cell surface has been repeatedly raised (5, 15, 16, 22) , and several hypothetical models have been suggested (4, 11, 12, 36) . The present findings and their extension to other tissues should allow the testing of such models, as a step towards further clarification of mechanisms of embryonic cell recognition and morphogenetic cell associations.
